Introduction
============

Overview
--------

Neurological disorders are commonly associated with a variety of cognitive and motor deficits that result in an ever increasing demand for health services. Among all major groups of diseases, neurological disorders constitute 6.3% of the global burden of diseases worldwide \[[@ref1]\]. This value may be as high as 10.9% for high-income countries and 11.2% in the European region, which corresponds to 15-30 years of life lost adjusted for disability per 1000 inhabitants each year \[[@ref1]\]. Irrespective of the cause (eg, stroke, brain injury, or dementia), people with cognitive impairments rarely recover spontaneously or completely \[[@ref2]\].

Once established, brain damage is difficult to revert and pharmacological tools with a confirmed positive result are scarce \[[@ref3]-[@ref5]\]. The recovery process is typically slow, relies on the remaining plastic properties of brain tissue, and is highly dependent on complex and intensive assisted rehabilitation programs \[[@ref6]\]. Similar to other rehabilitation processes, the results of the recovery process also depend on the timely onset, intensity, and specificity of the treatments \[[@ref7],[@ref8]\].

The neurorehabilitation programs have proven efficacious in the compensation, improvement, and stabilization of cognitive deficits in several diseases and nosological models \[[@ref9]-[@ref17]\]. However, despite being accepted as a fundamental component of current treatment plans, these programs often impose strong restrictions on the patients' access to such treatments \[[@ref18],[@ref19]\]. These programs commonly require multidisciplinary teams and are usually performed in hospital settings, away from the patient's home, in the presence of a relative (a huge effort by patients, families, and institutions). Classic cognitive training in particular requires pencil-and-paper tasks and object manipulation under specialized supervision. These characteristics result in a large economic burden to both the health system and families \[[@ref20],[@ref21]\]. Furthermore, they limit the efficacy of the treatment by increasing the difficulty in coping with rehabilitation sessions in due time (soon after injury) and in attaining the high intensity of treatment necessary to foster nervous system plasticity \[[@ref8],[@ref22]\].

The computer has emerged as a tool for the training and educating patients with brain injury, thus reducing the large demand for human resources and increasing the motivation of these patients \[[@ref9],[@ref23]\]. However, the use of informatics programs in cognitive training is a recent approach; hence well-designed clinical trials are scarce, and the majority of them are inadequate for efficient integration in current clinical practice \[[@ref18],[@ref24]\]. Therefore, the sole reliance on repeated exposure to computer-based tasks without some involvement and intervention by a therapist is not recommended \[[@ref9]\].

To address these problems, we decided to develop a new integrative Web-based tool "COGWEB" for home-based cognitive training, centered not only on the patients' needs but also on professionals and institutional requests. This instrument takes advantage of the growing knowledge on computerized training protocols for cognitive rehabilitation \[[@ref18],[@ref25]-[@ref29]\] and combines a Web-based platform with computer exercises developed over the last few years in an outpatient memory clinic. The aim of this tool is to increase the quality and overall intensity of cognitive training programs.

This paper presents the main characteristics of the developed system and the results of a usability testing of the online system performed by patients suffering from highly prevalent neurological diseases, and their relatives.

Previous Approaches
-------------------

Over the past few years, several solutions have been proposed to increase the availability of cognitive training. In fact, the market is flooded with commercial brain exercise programs that claim to improve cognition, have diagnostic abilities, and even replace the role of specialized health professionals along the way \[[@ref30]\]. However, extensive clinical validation is still lacking and only a few programs have undergone scientific inquiry \[[@ref26],[@ref27],[@ref31]-[@ref33]\].

Previous approaches to cognitive training can be summarized into 3 categories: (1) cognitive domain-specific programs, (2) neuropsychological software programs, and (3) video games.

Cognitive domain-specific programs train specific cognitive capacities, usually under professional guidance at a health institution, and rely on the repetition of standardized tasks on a computer. Training of reaction time \[[@ref34]\], processing speed \[[@ref35]\], selective attention \[[@ref36]\], and working memory \[[@ref37],[@ref38]\] are some examples of these applications.

Neuropsychological software programs are designed to train several cognitive domains using a variety of tasks. These programs rely on immediate feedback and allow individuals to evolve based on their performance. Most studies with these tools analyze multiple cognitive domain interventions, either in the lab or remotely, for example, the Posit Science Brain Fitness Program \[[@ref39]\], the Integrated Cognitive Stimulation and Training Program \[[@ref40]\], the Neuropsychological Training \[[@ref41]\], the CogniFit Personal Coach \[[@ref42]\], and Lumosity \[[@ref29]\]. Most of these programs are commercially available and especially designed for older people, as this age group is their biggest target market \[[@ref30]\]. Nonetheless, there is a specific growing group dedicated to children and academic performance, usually under the format of tutorials \[[@ref43]\].

Video games include computer or other electronic games where the players are enrolled in a set of activities oriented toward achieving a specific goal. Patients are given immediate feedback, and these games allow for an automatic progression between different levels of difficulty according to performance. The cognitive domains in this category are more difficult to individualize \[[@ref18],[@ref44]\]. This category includes games originally designed to improve cognition like Nintendo's Big Brain Academy for Wii \[[@ref45]\], classics like Pac Man, Donkey Kong, or Tetris that were studied for processing speed \[[@ref46]\], and recent commercial successes like Rise of Nations \[[@ref47]\] and Medal of Honor \[[@ref48]\] that were assessed for attention, memory, executive function, and visuospatial abilities.

Unmet Needs and Problems
------------------------

Computerized cognitive training offers several advantages over traditional pencil-and-paper tasks mediated by a psychologist or therapist at a health institution. The human resource costs per patient treated and the treatment time decrease, and home-bound or remotely located persons can have easier access to the treatment. In spite of all the available alternatives, several important needs remain unanswered \[[@ref49]\]. Most of the programs available have a reductionist approach to brain conditioning or rehabilitation, discourage human relations in favor of self-executed exercises at home, and increase the distance between individuals or patients and specialized health professionals \[[@ref30]\]. Furthermore, although all individuals may benefit from the use of novel technologies, the acquisition of regular training routines and computer skills is not straightforward for older people or patients with cognitive problems if we want to have an inclusive approach.

From the scientific point of view, research studies lack well-conducted randomized clinical trials, and most importantly, a clear definition of what a placebo is in these trials \[[@ref50],[@ref51]\]. Furthermore, there is an absence of dose-finding studies that could assess what is necessary to obtain effects on other cognitive domains or improvement of daily living activities. Another major concern is the lack of studies to determine the possible side effects of these interventions. Noninvasive brain stimulation and cognitive enhancement strategies may have a mental cost on some abilities \[[@ref52]\]. This feature is of utmost importance to deal with brain injury models like stroke or traumatic brain injury, where the rehabilitation of several brain functions competes for the uninjured cortex plastic and metabolic properties. Side effects are also important in neurodegenerative disease models where intensive training activities may have undesired effects if not controlled, monitored, or integrated in the social life and networks of individuals \[[@ref30],[@ref44],[@ref49]\].

Methods
=======

End-User Interaction Study Design
---------------------------------

### Clinical Settings for Using COGWEB

Patients with changes in cognition attend different specialized medical appointments, where their medical and therapeutic needs are identified and assessed. Normally in the diagnosis procedure, besides other examinations, the patient is frequently submitted to neuropsychological assessments. Therapeutic plans for cognitive intervention are defined in this multidisciplinary clinical environment. The COGWEB appears in this context as a work tool, and the practitioner is responsible to manage and use the system, according to the clinical context and the patient's characteristics ([Figure 1](#figure1){ref-type="fig"}, [Table 1](#table1){ref-type="table"}). The mandatory prerequisites for using the COGWEB are the existence of a medical diagnosis, a detailed neuropsychological characterization of the cognitive impairments, and a health professional willing to manage the treatment program, essential for a quality analysis of the system. The therapist that handles the system plays a central role in defining the degree of supervision and the type of patient exposure to the treatment and the Web-based system. The management of objectives, areas of cognitive intervention, individual composition of training sessions, and duration and intensity of treatment are all under the responsibility of the health professional. Although the presence of therapists is not continuously necessary for the training, they can actively direct all activities via online interaction and periodic (eg, daily, weekly, or monthly) meetings or telephone contact with the patient and caregiver ([Multimedia Appendix 1](#app1){ref-type="app"}).

![Clinical context in which COGWEB was developed.](resprot_v2i2e59_fig1){#figure1}

###### 

Target neurological conditions of the COGWEB system.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Major subgroups of diseases                      Most important diseases
  ------------------------------------------------ ---------------------------------------------------------------------------------------------------------------
  Non progressive structural lesions               Traumatic brain injury

  \                                                Stroke

  \                                                Sequels of brain paralysis, anoxia, radiotherapy, encephalitis, brain surgery, and other static brain lesions

  Neurodegenerative diseases at an initial stage   Mild cognitive impairment

  \                                                Alzheimer's disease

  \                                                Parkinson's disease

  \                                                Vascular dementia

  Cognitive dysfunction of functional nature       Subjective memory complaints

  \                                                Depression

  \                                                Normal aging and active aging strategies

  Other nosological models                         Multiple sclerosis

  \                                                Schizophrenia

  \                                                Hyperactivity and attention deficit (adults and children)
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------

### Patient Selection

A group of 80 consecutive patients from our outpatient memory clinic were selected and grouped equally into 4 nosological groups: 20/80 (25%) with subjective memory complaints, 25% with traumatic brain injury, 25% with stroke and other static brain lesions, and 25% with mild Alzheimer's disease. The recruitment process took 3 months, and the following cumulative selection criteria were included: (1) a medical diagnosis compatible with 1 of the 4 groups, (2) 4 years of formal education completed, (3) favorable opinion of the attending neurologist, (4) no sensorial or physical deficiency preventing the use of regular computers unaided (eg, blindness, hemiplegia, or amputation), and (5) informed consent from both the patient and relative.

### Group Sessions, Procedures, and Usability Questionnaire

Patients and caregivers (n≤20) were scheduled for psychoeducational group sessions at the hospital in a room with 10 computers with the Internet access. Two attempts per patient were performed to schedule the sessions at working hours. The sessions were structured into 3 parts (20 minutes each): (1) a psychologist provided an overview about the program and individual credentials for each patient to assess the online system; (2) the pair patient-caregiver was allowed to experiment with the program unaided on 1 of the 10 computers in the room; and (3) after completing a regular training session with 8 different exercises, an opinion questionnaire on the easiness of use and motivation for using it at home was answered anonymously by both the patient and caregiver in the absence of the psychologist ([Table 2](#table2){ref-type="table"}).

###### 

Opinion questionnaire.

  Question   Possible answers                                                                                                         
  ---------- ------------------------------------------------------------------------------------------------------------------------ ---------------------------------
  Q1         Were the instructions easy to follow?                                                                                    Yes/No
  Q2         Were the exercises interesting to you?                                                                                   Yes/No
  Q3         Did you find the training useful to you?                                                                                 Yes/No
  Q4         Are you motivated to use it at home?                                                                                     Yes/No
  Q5         Having completed this training session, do you feel already independent to use it, or do you need additional training?   Independent/Additional training

### Ethical Issues

All patients and caregivers understood the purpose of the study and provided written informed consent. An approval from the referring neurologist was also obtained to guarantee that patient and caregiver expectations were properly managed after the usability test. This study was approved by the hospital review board and ethics commission.

Rehabilitation Tool
-------------------

### Main Characteristics

The Integrated Cognitive Training System is composed of 2 components: (1) an online platform, COGWEB and (2) a series of tools in the classic format of exercise books \[[@ref53],[@ref54]\].

First, the COGWEB allows for the implementation of personalized cognitive training programs remotely, in the patient's living environment. The tool is implemented through the professionally supervised prescription of exercise sessions, in computer game format, targeted to various cognitive functions, such as attention, executive functions, memory, language, praxis, gnosis, and calculus. Supervision is conducted by specialized practitioners without the loss of human contact or management ([Figure 2](#figure2){ref-type="fig"}).

Second, the exercise books were designed in parallel with the online platform and are useful during the initial stages of the training ([Table 3](#table3){ref-type="table"}). They can also be used to switch between stimulation methodologies if deemed necessary by the health professional, and to help people who, for various reasons, have no regular access to the Internet. Thus, people who face difficulty in using computers can start their training activities with paper and pencil, acquire routines, and then move up to a more intensive system ([Multimedia Appendix 2](#app2){ref-type="app"}).

Both system components are meant to be used as support for a wide range of cognitive interventional approaches, or at distance, under supervision with the neuropsychologist, being more or less present depending on the case ([Figure 1](#figure1){ref-type="fig"}, [Table 1](#table1){ref-type="table"}). The main structure of the online system is described in [Figure 2](#figure2){ref-type="fig"} and its principal functional characteristics, resulted from a set of usability requirements defined by a board of clinicians, and are explained in the following text.

The online system was structured for modular cognitive training, as exercises were grouped according to major cognitive function stimulated ([Table 4](#table4){ref-type="table"}). This system covers different degrees of impairment, from normal function to moderate deficits, given that all exercises have sequential levels of difficulty and were designed for use in a wide range of diseases and ages ([Figure 3](#figure3){ref-type="fig"}). The monitoring tools coupled with biostatistics and long-term system analysis tools and a storage system that records performance continuously are incorporated into the system to supervise clinical evolution and adjust programs according to the patients' progression. This system can be used in supervised group sessions with patients and can also be accessed at home or at any other place in the community with an Internet connection, only requiring a login information (without software installation or updates).

![Global system scheme.](resprot_v2i2e59_fig2){#figure2}

###### 

Exercise books available and their target population.

  ------------------------------------------------------------------------------------------------------------------------
  Exercise books                                Active ageing   Degenerative diseases   Static brain lesions           
  --------------------------------------------- --------------- ----------------------- ---------------------- --- --- ---
  Weekly notebooks, Volumes I to IV             ✓               ✓                       ✓                      ✓   ✓   ✓

  Monthly notebooks Level 3, Volumes I to III   ✓               ✓                       \                      \   ✓   ✓

  Monthly notebooks Level 2, Volumes I to III   \               \                       ✓                      \   ✓   ✓

  Monthly notebooks Level 1, Volumes I to III   \               \                       \                      ✓   ✓   ✓

  COGWEB Art, 3D pieces                         ✓               ✓                       ✓                      \   ✓   ✓
  ------------------------------------------------------------------------------------------------------------------------

^a^Mild cognitive impairment.

^b^Traumatic brain injury.

###### 

Available exercises per cognitive domain.

  --------------------------------------------------------------
  Cognitive domain        Exercise                  Levels (N)
  ----------------------- ------------------------- ------------
  Attention               Attention to the letter   5

  \                       Attention to the number   5

  \                       Find the letter           9

  \                       Water colors              10

  Memory                  Attention to the news     3

  \                       Fast eye                  8

  \                       Fast memory               8

  \                       Long memory               14

  \                       Numbers in order          8

  \                       Restless cubes            7

  \                       Reverse the stars         7

  \                       Supermarket               8

  \                       Who moved                 7

  \                       Worms                     7

  \                       Where were they           8

  Language                Arrange the words         6

  \                       Follow the orders         9

  \                       Starts with               8

  Executive functions     Match the color           3

  \                       Contrary                  7

  \                       Inside or out             9

  \                       Logic mind                9

  Calculus                Fast mind                 5

  \                       Let's go shopping         3

  \                       Mathematical table        6

  Constructive capacity   Puzzles                   6

  \                       COGWEB Art                7
  --------------------------------------------------------------

![Examples of COGWEB exercises.](resprot_v2i2e59_fig3){#figure3}

### Online System Architecture

The medical system, accessible via Internet browser, was designed to meet the requirements of health professionals and patients. Both groups need specialized and usable interfaces to access the system and introduce daily inputs. All data are centralized, recorded, and acceded on a health record system. During the cognitive training sessions performed by the patient, all of the data is updated continuously in real time via Web-based system and is saved on a remote database that furnishes all required information to be examined by the health professional. The database contains information of all patients and health professionals, and maintains a record of all training programs prescribed and patient performance. The system also includes a biostatistics analysis framework of unidentified data generated by the users of the system. The main purpose of the system is to analyze the quality of processes according to the standards established by a board of consulting clinicians. All data used for this computation remain unidentified and cannot be linked to the professional or patient who generated it. This policy was set according to the strict demands of the National Commission for Data Protection, established in accordance with European regulations (Directive 95/46/EC) \[[@ref55]\]. The results from these computational operations are used to assess the application quality of the system by health professionals, to perform benchmarks of clinical outcomes, and to aid in the long-term improvement and context adaptation of the system. Some changes occur automatically, according to machine learning algorithms based on the internal statistical analysis. These tools provide additional evidence for the substitution of a useless exercise, the changing of system features that lead to errors, setting new automatisms like alert signs for some clinical situations, or the preparation of specific educational campaigns for professionals.

### Network Operations and Coworking

The system is designed to become accessible to a large number of people, through a network of centers and practitioners specialized in using it. Upon agreement by the professionals and patients, anonymous data on the treatments prescribed and clinical evolution are stored on a centralized application. The analysis of these data allows the depiction of the trends and the assessment of the quality of the tools and operative processes throughout the time. Thus, the system can be evolved and adapted to the needs of patients, professionals, and institutions. All agents can share useful information and guidelines on operational processes through a collaborative network. Furthermore, all neuropsychologists and practitioners who receive training on using the COGWEB system and share quality criteria in operating the system are stimulated to develop personal and team research projects. This step will improve the quality of the projects, increase the size of possible samples without incurring additional costs, and conduct multicenter trials while shortening the required time to complete them.

### Professional Console

#### Overview

The health professionals can access the rehabilitation program by entering their username and password on the website \[[@ref56]\]. The website, in addition to allowing access to the online training area, contains educational content targeting the general population and a blog. The aim of the site is to provide scientific and pedagogical information about cognitive functioning and its changes, and the possibilities and indications for cognitive training \[[@ref56]\].

The most important menu is the patient health record where the professional may add patient's information to the system and manage it later. The patient menu includes several submenus: medical form, neuropsychological assessment, intervention plans, session programming, and results.

#### Medical Form

In this submenu, 3 types of data can be inserted: (1) identification data, (2) clinical data, and (3) data on the duration of the license to use the system and patients' credentials to access it.

#### Neuropsychological Assessment

This menu, allowing the entry of neuropsychological assessment data on any patient, is organized into 2 parts. The first part records general descriptive data of the evaluation and the second part helps record each test and the quantitative results (preferably raw data) obtained in each neuropsychological test. Therefore, several evaluations can be recorded over time.

#### Intervention Plans

Health professionals can use this option to enter the general information of the treatment plan, like duration, main cognitive domains, and the expected intensity of training. This option allows to entering information on as many intervention plans as needed. The data entered in this section can be used for the detailed evaluation of the quality of the tasks prescribed to the patient in the next session. If a decision is made to train working memory or attention, the system provides information on all of the exercises the patient is prescribed, in addition to their duration.

#### Session Programming

The prescription system provides 2 ways to create sessions: (1) the standard mode and (2) the advanced mode. These two work modes share a set of prescription parameters, and the planning of each session requires the following parameters: the selection of exercises, their starting and completion dates, their order of appearance, the duration of exposure to each exercise, and the initial level and the level expected to be achieved at the end of the plan. These two modes, however, differ in defining and managing the training schedule. The standard mode is a faster and simpler way to plan sessions in which the patient conducts the same set of exercises in consecutive days. In the advanced prescription mode, the prescribing health professionals select the day on which they want a specific session to be active and the intended activation period, that is, morning, afternoon, or all day. Thus, the needs that currently exist in sophisticated and intensive rehabilitation or cognitive training methodologies in specific areas can be met.

#### Results

The current system provides several kinds of progress graphs: right answers versus wrong answers, global training time (actual realized time vs planned time), game time in each exercise, concluded levels, accesses (realized accesses vs planned accesses), and a progress summary per exercise (expected performance vs real performance) ([Figure 4](#figure4){ref-type="fig"}).

![Examples of progress graphs.](resprot_v2i2e59_fig4){#figure4}

### Patient Console

#### Overview

The COGWEB is accessed through the website, similar to the professional's login \[[@ref56]\]. The entire login dynamic is identical in both the consoles with the only difference in the attributes and areas associated to the username/password.

#### Training Sessions

As soon as the patient credentials are introduced, the training session starts automatically. First, the patient views a welcome screen with the training session information (number of exercises prescribed, total duration, and other general instructions) and a start button. When the patient feels ready, the first exercise planned starts, with no need for additional clicks or menu navigation. The simplicity of accessing the program eliminates the obstacles that may hinder training program compliance. The training arena is presented, by default, in a normal sized window. However, for added convenience during the exercise, the user can switch to full screen, by pressing the signed button ([Figure 5](#figure5){ref-type="fig"}).

![Screen appearance of the patient training area and principal features of the game arena.](resprot_v2i2e59_fig5){#figure5}

#### Game Arena

Each exercise starts with a set of instructions, written on the screen and spoken through the speakers, for 20 seconds before the onset of the exercise. Instructions can be viewed at any time, even during the exercise, by pressing the instructions button. After the instructions, the exercise starts and the game arena appears. However, as time is an important factor in some of the exercises (eg, trainings processing speed), it is crucial to guarantee the patient's attention to stimuli from the beginning. For that reason, there is a start button on the screen. The game arena is similar between various exercises making the learning and adaptation process easier. It comprises a central area, where the exercise takes place and the answers are given, with a frame around it. The exercise name is shown on the upper left hand corner of the frame, and the time remaining, the pause button, and the full screen activation button appear on the upper right hand corner. The lower left hand corner shows the level indicator and the bottom right the answer indicator (right and wrong) ([Figure 5](#figure5){ref-type="fig"}). The bottom of the screen displays 2 buttons: (1) the instructions button, which enables the patient to review the instructions even during the exercise and (2) the fatigue button (designated, skip game button), which can be activated if the patient feels tired or discouraged with a specific game.

The pause button allows the session to be stopped in case of unforeseen events that might distract the patient and hinder the performance. This button should be used exceptionally.

#### Motivation Tools

Upon successful completion of each level, a support message appears that is expressed simultaneously on the screen and in audio. When the performance by the end of the level does not fulfill the criteria for progression, the level is either maintained or decreased, depending on the progression rules for each game (see description of exercises). In this case, no information is given to the patient, the instructions for that level are just repeated, and the game continues. During the last exercise of each session, at the bottom of the game arena, the buttons that restart the session and end the session appear, which allow the patient to repeat the session, if they feel up to it, or end the session, in case they already feel fatigued. At the end of the session, this information is presented again.

### Cognitive Exercises

#### Overview

The COGWEB system is composed of 27 independent exercises, distributed by different cognitive areas ([Table 4](#table4){ref-type="table"}). All exercises were first developed in a classic format including paper, pencil, cards, and other physical materials. Before being converted to the current computer game format, which took a period of more than 5 years, a pool of 60 original exercises were subject to extensive clinical use, validation, and refinement at our outpatient memory clinic \[[@ref53],[@ref54]\]. These exercises share some important characteristics.

#### Functional Organization

Each exercise is organized around the stimulation of a specific cognitive area. However, one exercise does not train only one area, as other additional areas are also involved in solving the tasks. This multiplicity of tasks is intimately related to the integrated function characteristics of the human cognition.

#### Levels of Difficulty

The exercises were developed to train various degrees of cognitive defects, from mild to more severe impairments. Exercise progression is automatic, by levels, becoming more difficult or easier in response to the patient's performance, both inside the same session or in consecutive sessions. The different degrees of difficulty, depending on each game, are obtained through manipulation of some of the features, either alone or in combination: the number of items per level, their complexity, and the interval between stimuli within the same level (game vs patient's paced rhythms). For choosing the stimuli for each exercise (words, figures), special attention was given to various aspects that contribute to the complexity of the items, such as the extension of words, their degree of imageability, semantic proximity, or, in the case of figures, the number of graphic elements or graphic composition.

#### Random Stimuli

The structure of the exercises, at its base, is composed of sets of stimuli grouped by difficulty. On the same level of an exercise, the stimuli always appear in a random, nonsequential way to prevent memorization.

#### Information Sheets

For each exercise, the prescribing health professional has access to an individual sheet including the following parameters: general description, patient instructions, and multimedia requirements; main cognitive function that the game stimulates and other secondary stimulated functions; cortical areas recruited, according to anatomic-functional models of bibliographic basis; principles behind the choice of items that compose the game and the organization of their level of difficulty; the number of levels for each game, rules of progression between different levels and the number of tests in each level; estimated average time required for a normal individual to complete levels 1, 2, and 3 of each game (important for setting the minimum time of each game in sessions that might demand a level increase); and special use suggestions ([Figure 6](#figure6){ref-type="fig"}).

![Example of an information sheet for the game exercise \"Attention to the news\".](resprot_v2i2e59_fig6){#figure6}

Results
=======

Of the 80 patients initially selected, 48 patients (60%) attended the psychoeducational group sessions and completed the usability test proposed. The mean age of the respondents was 60 years (SD 13.3, range 41-78). A total of 21/48 participants (44%) were female. The mean level of formal education was 6 years (SD 4.3, range 4-17). Previous use of the computer was shown by 32/48 patients (66%). Of all the participants, 32 patients (66%) did not complete the study because they were not able to attend the assessment sessions at the hospital. However, this did not differed between groups (*P*=.12).

As shown in [Figure 7](#figure7){ref-type="fig"}, all patients in the presence of their caregivers understood the instructions given in the training session and during the execution of the 8 different exercises (Q1). All patients found the exercises used in the training sessions interesting to them (Q2). Only 2 of the 48 participants (4%) did not find the exercises useful for their clinical condition (Q3). The same percentage of respondents was not motivated to use the system on their own at home (Q4). After the first training session, 19/48 patients (39%) indicated the need for further help from the caregiver to use it at home (Q5).

In the group of patients that mentioned the need for additional training (n=19), 74% (14/19) were male, 79% (15/19) have not used the computer earlier, and 16% (3/19) had only sporadic exposure to computers.

![Answers to the opinion questionnaire (Q1-5) (%).](resprot_v2i2e59_fig7){#figure7}

Discussion
==========

Principal Findings
------------------

This new system was very well received by patients and their relatives, who showed high levels of motivation to use it on a daily basis at home. The simplicity of its use and comfort were especially emphasized. Considering the mean age, the level of instruction, and the cognitive deficits of the patients enrolled, 19/48 patients (39%) required some kind of coaching to achieve independent use of the system. The formal evaluation of usability by both professionals and patients will be given further attention in future studies.

Optimized Approaches
--------------------

Compared to most related technologies available \[[@ref18],[@ref43]\], COGWEB characteristics were defined after thorough study of existing cognitive training procedures in an outpatient memory clinic. The improvement of the quality and access to treatment by the patient were very important. Nonetheless, the system has the rehabilitation professional at its core as is recommended \[[@ref9]\]. Ultimately, it is a specialized working tool that improves health decision making and time management per patient treated. A significant part of cognitive interventions can be done outside the health care units, by maintaining high quality levels of therapy through bidirectional communication between patients and professionals thus avoiding isolation. This step promotes patient comfort and treatment adhesion while eliminating economical and geographical barriers \[[@ref30],[@ref44],[@ref49]\]. The impact of several degrees of personal presence of the therapist on the overall quality of training and outcomes are currently being evaluated in a prospective study.

Another significant feature of the system is its suitability for coworking and multicenter use in collaborative networks of professionals and institutions. This will foster investigation in the field and position COGWEB as one of the most prepared tools designed for clinical trials in cognitive interventional approaches. In the field of neurorehabilitation, high-quality scientific knowledge about several neurological and psychiatric diseases will be very important for treatment decision in the near future \[[@ref5]\].

Finally, the incorporation of biostatistics and long-term system analysis tools are at the cornerstone of the system's ability to improve quality and to adapt either to professionals, patients, institutional, or various clinical context needs or trends. This is similar to what can be achieved with some of the most advanced medication management information technology \[[@ref57]\].

Conclusions
-----------

We are now able to start clinical trials to test and measure intensive cognitive training protocols and to evaluate its positive and also possibly negative effects on a variety of diseases and settings \[[@ref52],[@ref58]\]. The quantification of the economic impact and health gains of these strategies for health systems is also a priority \[[@ref1]\]. The system will continue to evolve, basically with the development of new exercises and features to accommodate the needs from diverse populations and clinical settings of operation.

This project was funded by research grants from the Portuguese Society of Neurology in 2009 and Grünenthal Foundation in 2010.
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